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JUDGLHQWVDUHGHYHORSHGDWWKHLQWHUIDFHWKHLQWHUGHQGULWLFOLTXLGFDQEHGULYHQVLPXOWDQHRXVO\E\WKHUPDODQGVROXWDO
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JLYHULVHWRFRQYHFWLYHIORZSDWWHUQV+RZHYHU LI WKHUHVXOWLQJWHPSHUDWXUHDWDSDUWLFXODUORFDWLRQIDOOVEHORZWKH
ORFDOOLTXLGXVWHPSHUDWXUHLWLVOLNHO\WRSURPRWHVROLGLILFDWLRQ,QFDVHRIDPXOWLFRPSRQHQWV\VWHPDPXVK\OD\HURI
GHQGULWLFFU\VWDOVPD\ IRUPGXULQJVROLGLILFDWLRQ WKH LQWHUVWLFHVRIZKLFKDFFRPPRGDWH WKH UHVLGXDO VROXWH WKDW LV
UHMHFWHGGXULQJ WKHSURFHVV7KXV LQDGGLWLRQ WR WKH WHPSHUDWXUHJUDGLHQWFUHDWHGE\H[WHUQDOO\ LPSRVHGERXQGDU\
FRQGLWLRQVDVZHOODVGXHWRWKHUHOHDVHRIWKHODWHQWKHDWFRQFHQWUDWLRQJUDGLHQWVDUHDOVRFUHDWHGE\WKHUHMHFWLRQRI
WKH VROXWH DFURVV WKH VROLGOLTXLG LQWHUIDFH 7KH UHMHFWHG VROXWH PD\ EH WUDQVSRUWHG E\ GLIIXVLRQ RQ D ORFDO VFDOH
OHDGLQJ WR PLFUR VHJUHJDWLRQ DQG E\ FRQYHFWLYH IORZ RQ D ODUJHU VFDOH OHDGLQJ WR PDFUR VHJUHJDWLRQ )URP WKH
SUDFWLFDOYLHZSRLQW WKHQDWXUHDQGH[WHQWRI WKHPDFURVHJUHJDWLRQZLOOGHWHUPLQH WKHTXDOLW\RI WKHILQDOSURGXFW
DQGKHQFHIRUPVDQLPSRUWDQWUHVHDUFKDUHD .UDQH0-0DQG,QFURSHUD)3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GRQRWRFFXU1XPHURXVWKHRUHWLFDOH[SHULPHQWDODQGQXPHULFDOVWXGLHVKDYHEHHQGHYRWHGWRWKHIOXLGPHFKDQLFV
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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IOXLGIORZFDQVWLOORFFXULIDQ\
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 KDYH FDUULHG RXW D GHWDLOHG QXPHULFDO DQDO\VLV RI WKH
HIIHFWRIUDGLDOWHPSHUDWXUHJUDGLHQWRQWKHLQWHQVLW\RIFRQYHFWLRQ,QWKLV UHVHDUFKDQDWWHPSWLVPDGHWRH[DPLQH
WKH ORQJLWXGLQDO PDFUR VHJUHJDWLRQ GXULQJ XSZDUG GLUHFWLRQDO VROLGLILFDWLRQ XQGHU FRQWUROOHG H[SHULPHQWDO
FRQGLWLRQV7KHHIIHFWRIVROLGLILFDWLRQSDUDPHWHUVRQPDFURVHJUHJDWLRQLVLQYHVWLJDWHG
 ([SHULPHQWDOSURFHGXUH
 $OOR\SUHSDUDWLRQ
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6Q XVLQJ D KLJK
IUHTXHQF\ LQGXFWLRQ IXUQDFH)XOO\VWLUUHGPHOWZDVUDSLGO\SRXUHG LQ WR WKHFDVW LURQPROGDQG WKHDOOR\ VDPSOHV
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7KH DSSDUDWXV XVHG IRU XSZDUG GLUHFWLRQDO VROLGLILFDWLRQ LV VFKHPDWLFDOO\ LOOXVWUDWHG LQ )LJXUH D )LJXUH E
VKRZV WKH H[SHULPHQWDO VHWXS ,Q DQ LGHDO GLUHFWLRQDO VROLGLILFDWLRQ V\VWHP WKH LPSRVHG WHPSHUDWXUH JUDGLHQW LV
SHUIHFWO\SHUSHQGLFXODU WR WKHSODQHRI VROLGLILFDWLRQZKLFK LV WKHPHOWFU\VWDO LQWHUIDFH5H]D0HKUDEL0 
GHYHORSHG D PRGHO IRU WKH WUDQVSRUW SURFHVV LQ GLUHFWLRQDO VROLGLILFDWLRQ ZKLFK FDQ FDSWXUH LQVWDELOLWLHV DQG
QRQOLQHDULWLHV GXULQJ DOOR\ VROLGLILFDWLRQ +H REVHUYHG WKDW WKH ODWHUDO WHPSHUDWXUH JUDGLHQWV DUH QRW GHVLUDEOH
EHFDXVHWKH\FDXVHWKHUPDOVWUHVVHVZKLFKOHDGWRWKHIRUPDWLRQRIYDFDQF\DQGGLVORFDWLRQGHIHFWVLQWKHFU\VWDOV
7KH IXUQDFH WHPSHUDWXUH LV GHVLJQHG WR LQFUHDVH LQ WKH GLUHFWLRQ RSSRVLWH WR JUDYLW\ LQ RUGHU WR VXSSUHVV QDWXUDO
FRQYHFWLRQ7KHULVHLQWHPSHUDWXUHRSSRVLWHWRJUDYLW\FDXVHVWKHGHQVLW\WRGHFUHDVHZLWKLQFUHDVLQJKHLJKW
7KHSUHSDUHGDOOR\VDPSOHVRIPPGLDPHWHUDQGPP ORQJZHUHSODFHG LQ6L2 FUXFLEOHVDQGPHOWHG7KH
PROWHQ VDPSOHV ZHUH VROLGLILHG GLUHFWLRQDOO\ XSZDUGV LQ WKH H[SHULPHQWDO VHWXS FRQVLVWLQJ RI D KHDWLQJ XQLW D
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WHPSHUDWXUHFRQWUROV\VWHPDVDPSOHPRYLQJV\VWHPDQGDKHDWH[WUDFWLRQV\VWHP,QLWLDOO\WKHPHOW LVDOORZHGWR
UHDFKWKHVHOHFWHGWHPSHUDWXUHDQGDOORZHGWRVROLGLI\IURPWKHERWWRP7KHZDWHUFRROHGFRSSHUFKLOOLQVHUWHGDWWKH
ERWWRP RI WKH 6L2 FUXFLEOH SURGXFHG WHPSHUDWXUH JUDGLHQW LQ WKH PHOW 7KH IXUQDFH FDQ EH PRYHG XSZDUGV RU
GRZQZDUGVDWDVSHHGRI ȝPVE\PHDQVRIDWUDQVODWLRQGHYLFHFRQVLVWLQJRIDVHWRIJHDUVDQGDPRWRU7KH
GLUHFWLRQDOVROLGLILFDWLRQZDVFDUULHGRXWE\ UDLVLQJWKHIXUQDFHDVVHPEO\DWYDULRXVWUDQVODWLRQVSHHGVZLWKUHVSHFWWR
WKH VWDWLRQDU\ VDPSOH7KLVDYRLGVFRQYHFWLRQGXH WRFUXFLEOHPRWLRQ7KH IXUQDFHDQG WKHFUXFLEOHDUUDQJHPHQWV
ZHUHVXFKWKDWWKHIXUQDFHWUDQVODWLRQVSHHGZDVHTXDOWRWKHGLUHFWLRQDOVROLGLILFDWLRQUDWH
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3KRWRJUDSKRIH[SHULPHQWDOVHWXSDW,,70DGUDV
 5HVXOWVDQGGLVFXVVLRQ
7KHGLUHFWLRQDOO\VROLGLILHGVDPSOHVZHUH ORQJLWXGLQDOO\VHFWLRQHGDQGSROLVKHGIRUPLFURVFRSLFREVHUYDWLRQDQG
H[DPLQHGXVLQJ6FDQQLQJ(OHFWURQ0LFURVFRSH7KH6(0(';VSHFWUXPVKRZHGWKHSUHVHQFHRIPDFURVHJUHJDWLRQ
LQK\SRHXWHFWLF3E6QDOOR\VDQG WKHDEVHQFHRIDQ\VXFKVHJUHJDWLRQ LQK\SHUHXWHFWLF3E6QDOOR\V6HJUHJDWLRQ
UHVXOWVIRU3E6QELQDU\DOOR\VDUHVKRZQLQ)LJXUHVDQGLQZKLFK&V&R LVSORWWHGDJDLQVWGLVWDQFHIURPWKH
FKLOOHQG&V LVWKHFRPSRVLWLRQDWWKHPHDVXUHGORFDWLRQRIWKHVDPSOHDQG&R LVWKHLQLWLDODYHUDJHFRPSRVLWLRQRI
WKHVDPSOH
)LJXUHVVKRZVWKHPDFURVHJUHJDWLRQUHVXOWVRIK\SRHXWHFWLF3E6QDOOR\V,WVKRZVWKDW&V&R YDOXHLQFUHDVHV
ZLWK WKH LQFUHDVH LQ GLVWDQFH IURP WKH FKLOO HQG LQGLFDWLQJ WKH SUHVHQFH RIPDFUR VHJUHJDWLRQ7KH VROLGLILFDWLRQ
EHJLQVDWWKHERWWRPDQGSURJUHVVHVXSZDUGV7KHUHMHFWHGVROXWH6QDWWKHVROLGLILFDWLRQLQWHUIDFHQHDUWKHERWWRP
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JHWVUHGLVWULEXWHGLQWKHUHPDLQLQJPHOWFRQVHTXHQWO\LQFUHDVLQJWKHWLQFRQWHQWLQWKHPHOW7KHUHIRUHWKHDOOR\WKDW
VROLGLILHVDWWKHODWHUVWDJHVZLOOEHRIKLJKHUFRPSRVLWLRQ7KXVDVWKHVROLGLILFDWLRQSURJUHVVHVXSZDUGVWKHVROXWH
FRQWHQWLQWKHPHOWSURJUHVVLYHO\LQFUHDVHVJLYLQJULVHWRPDFURVHJUHJDWLRQLQWKHORQJLWXGLQDOGLUHFWLRQ,W LVDOVR
REVHUYHG WKDW WKHYDULDWLRQ LQ WKH VORSHVRI WKH WKUHH FXUYHV LQGLFDWHV WKDW WKHPDFUR VHJUHJDWLRQ LQFUHDVHV DV WKH
LQLWLDOWLQFRQWHQWLQWKHDOOR\LQFUHDVHV
)LJXUHV  VKRZV WKHPDFUR VHJUHJDWLRQ UHVXOWV RI K\SHUHXWHFWLF 3E6Q DOOR\V ,W VKRZV WKDW WKH &V&R YDOXH LV
QHDUO\ WKH VDPH DORQJ WKH HQWLUH OHQJWK RI WKH VDPSOH7KLV LQGLFDWHV WKH DEVHQFH RI DQ\ VLJQLILFDQW ORQJLWXGLQDO
PDFUR VHJUHJDWLRQ LQ FDVH RI K\SHUHXWHFWLF 3E6Q DOOR\V IRU DOO WKH WKUHH YDOXHV RI&R FRQVLGHUHG ,Q WKH FDVH RI
K\SHUHXWHFWLF3E6Q DOOR\V WKHSULPDU\GHQGULWHV DUHRI WLQ DQG WKH UHMHFWHG VROXWH LV OHDG7KHGHQVLW\RI OHDG LV
JUHDWHUWKDQWKDWRIWLQVRWKHVROXWHFRQYHFWLRQHIIHFWVDUHPLQLPL]HG7KHUHIRUHWKHUHMHFWHGVROXWHDWRPVZLOOQRW
EHFDUULHGDZD\IURPWKHVROLGOLTXLGLQWHUIDFHZKLFKPLQLPL]HVWKHPDFURVHJUHJDWLRQ
)LJXUH0DFURVHJUHJDWLRQRIK\SRHXWHFWLF3E6QDOOR\GLUHFWLRQDOO\VROLGLILHGDWȝPV
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)LJXUH(IIHFWRIJURZWKUDWHRQ PDFURVHJUHJDWLRQRIGLUHFWLRQDOO\VROLGLILHG3E6QDOOR\
)LJXUH VKRZV WKHGHSHQGHQFHRIPDFUR VHJUHJDWLRQRQVROLGLILFDWLRQ UDWH7KH LQWHQVLW\RIPDFUR VHJUHJDWLRQ
LQFUHDVH DV WKH VROLGLILFDWLRQ UDWH GHFUHDVHV 7KH ORQJLWXGLQDO VHJUHJDWLRQ ZDV JUHDWHVW LQ WKH VORZHVW YHORFLW\
VDPSOHV$W WKH VORZHVW YHORFLW\ RI ȝPV WKHUH LV VXIILFLHQW WLPH IRU WUDQVSRUW RI VSHFLHV E\ ERWK GLIIXVLRQ DQG
DGYHFWLRQLQWKHOLTXLG
0DFURVHJUHJDWLRQLVDVVRFLDWHGZLWKWKHHIIHFWRIJUDYLW\7KHFRQYHFWLRQGULYHQE\ YHUWLFDOVROXWDOJUDGLHQWOHDGV
WRPDFURVHJUHJDWLRQ,QWKHFDVHRIK\SRHXWHFWLF3E6QDOOR\VWKHVROXWH6QLVOLJKWHUWKDQWKHVROYHQW3E$VWKH
FU\VWDOVRIWKHSULPDU\GHQGULWH3EIRUPWKHVROXWH6QLQWKHPHOWVXUURXQGLQJWKHSULPDU\GHQGULWHLQFUHDVHVDQG
WKHGHQVLW\SURILOHLQWKHLQWHUGHQGULWLFPHOWDQGLQWKHPHOWLPPHGLDWHO\DKHDGRIWKHPXVK\]RQHSURPRWHVQDWXUDO
FRQYHFWLRQ,QWKHFDVHRIK\SHUHXWHFWLF3E6QDOOR\VWKHVROXWH3ELVKHDYLHUWKDQWKHVROYHQW6Q$VWKHFU\VWDOV
RI SULPDU\ GHQGULWH 6Q IRUP KHDYLHU VROXWH 3E LQ WKHPHOW VXUURXQGLQJ WKH SULPDU\ GHQGULWH DQG LQ WKHPHOW
LPPHGLDWHO\ DKHDG RI WKHPXVK\ ]RQH SUHYHQWV QDWXUDO FRQYHFWLRQ ,Q WKLV FDVH ERWK WKH VROXWDO JUDGLHQW DQG WKH
WKHUPDOJUDGLHQWVWDELOL]HWKHOLTXLGV\VWHP,QXSZDUGGLUHFWLRQDOVROLGLILFDWLRQWKHUPDOJUDGLHQWRSSRVHVWKHVROXWDO
JUDGLHQW7KHWKHUPDO5D\OHLJKQXPEHU57DQGVROXWDO5D\OHLJKQXPEHU5&KDYHEHHQGHILQHGE\+HLQULFK-&
HWDO  WRGHVFULEH WKHRQVHWRI WKH WKHUPRVROXWDOFRQYHFWLRQ LQ WKHPHOWDVVXJJHVWHG7KH WZRQXPEHUVDUH
JLYHQDV
57  JD*7+.7Q
5&  JE*&+'&Q
:KHUH D LV WKH WKHUPDOYROXPHH[SDQVLRQ FRHIILFLHQW J WKHJUDYLWDWLRQDO DFFHOHUDWLRQ FRQVWDQW*7 WKH WKHUPDO
JUDGLHQW.7 WKH WKHUPDOGLIIXVLYLW\ Q WKHNLQHPDWLFYLVFRVLW\ E WKH VROXWDOYROXPHH[SDQVLRQFRHIILFLHQW*& WKH
VROXWDO JUDGLHQW'& WKH VROXWDOGLIIXVLYLW\DQG+DFKDUDFWHULVWLF OHQJWK IRU WKHGHQGULWLFDUUD\V WKHSULPDU\DUP
VSDFLQJKDVEHHQXVHGDVWKHFKDUDFWHULVWLFOHQJWK'DWDOLVWHGE\ 6D]DULQ-5DQG+DOODZHOO$DVJLYHQLQ
7DEOHZDVXVHGWRFDOFXODWHWKH57 DQG5& XQGHUWKHFRQGLWLRQVRIWKLVUHVHDUFK57  [ *7+5&  
[ *& + 5&  57    [  *&  *7 7KH VROXWDO 5D\OHLJK QXPEHU GHWHUPLQHV WKH LQWHQVLW\ RI PDFUR
VHJUHJDWLRQZKHQWKHWKHUPDOJUDGLHQW*7LVQRWH[FHVVLYHO\ODUJHEHFDXVHWKHVROXWDO5D\OHLJKQXPEHULVPXFK
ODUJHUWKDQWKHWKHUPDO5D\OHLJKQXPEHU
)LJXUHV  D DQG E VKRZ WKH RSWLFDO PLFURJUDSKV RI WKH K\SRHXWHFWLF DQG K\SHUHXWHFWLF 3E6Q DOOR\V
UHVSHFWLYHO\ 7KH ILJXUHV FOHDUO\ VKRZ WKDW LQ FDVH RI K\SRHXWHFWLF 3E6Q DOOR\V WKH SULPDU\ GHQGULWH LV RI OHDG
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R
'LVWDQFHIURPFKLOOHQGFP
ȝPV
ȝPV
ȝPV
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ZKHUHDVLQFDVHRIK\SHUHXWHFWLF3E6QDOOR\VWKHSULPDU\GHQGULWHLVRIWLQZKLFKLVFRQILUPHGE\6(0(';
7DEOH'DWDXVHGLQWKHFDOFXODWLRQRI5D\OHLJKQXPEHUIRU3E6QDOOR\
3URSHUWLHV 9DOXH
.LQHPDWLFYLVFRVLW\RIPHOWQ
7KHUPDOFRHIILFLHQWRIYROXPHWULFH[SDQVLRQRIPHOWD
6ROXWDOFRHIILFLHQWRIYROXPHWULFH[SDQVLRQRIPHOWE
7KHUPDOGLIIXVLYLW\RIPHOW.7
6ROXWDOGLIIXVLYLW\RIPHOW*&
$FFHOHUDWLRQGXHWRJUDYLW\J
[ PV
[ .
[ ZW
[ PV
[ PV
[PV
D E
)LJXUH0LFURVWUXFWXUHVRIDK\SRHXWHFWLF3E6Q DQGEK\SHUHXWHFWLF6Q3EDOOR\VDPSOHV
GLUHFWLRQDOO\VROLGLILHGDWȝPV
 &RQFOXVLRQV
8SZDUGGLUHFWLRQDOVROLGLILFDWLRQH[SHULPHQWVZHUHFDUULHGRXWXVLQJK\SRHXWHFWLFDQGK\SHUHXWHFWLF3E6QELQDU\
DOOR\VZLWKGLIIHUHQWFRPELQDWLRQVRI JURZWK UDWHDQGFRPSRVLWLRQ7KHHIIHFWRI VROXWHFRQYHFWLRQRQ WKHPDFUR
VHJUHJDWLRQZDVLQYHVWLJDWHG7KHIROORZLQJFRQFOXVLRQVZHUHGUDZQIURPWKHVWXG\
x &RQYHFWLRQGXULQJXSZDUGGLUHFWLRQDOVROLGLILFDWLRQSURGXFHVH[WHQVLYHORQJLWXGLQDOPDFURVHJUHJDWLRQ
x :KHQ WKH VROXWH LV OLJKWHU WKDQ WKH VROYHQWPDFUR VHJUHJDWLRQ UHVXOWV IURP WKHFRQYHFWLRQGULYHQE\ WKH
YHUWLFDOGHQVLW\JUDGLHQW
x 0DFURVHJUHJDWLRQLQFUHDVHVDVWKHVROXWHFRQWHQWLQWKHDOOR\LQFUHDVHV
x 7KHLQWHQVLW\RIPDFURVHJUHJDWLRQLQFUHDVHVDVWKHVROLGLILFDWLRQUDWHGHFUHDVHV
x :KHQ WKH VROXWH LV KHDYLHU WKDQ WKH VROYHQW PDFUR VHJUHJDWLRQ LV QRW REVHUYHG GXH WR WKH DEVHQFH RI
FRQYHFWLRQ
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$FNQRZOHGJHPHQW
7KH DXWKRU DFNQRZOHGJHV ZLWK JUDWLWXGH WKH NLQG KHOS RI 3URI763UDVDQQD .XPDU DQG 3URI*3KDQLNXPDU
'HSDUWPHQW RI0HWDOOXUJLFDO DQG0DWHULDOV (QJLQHHULQJ ,,70DGUDV IRU H[WHQGLQJ WKH H[SHULPHQWDO DQG WHVWLQJ
IDFLOLWLHVDQGIRUXVHIXOWHFKQLFDOLQWHUDFWLRQ
5HIHUHQFHV
+HLQULFK-& )HOLFHOOL6 1DQGDSXUNDU3 DQG 3RLULHU'5 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 ³7KHUPRVROXWDO FRQYHFWLRQ GXULQJ GHQGULWLF
VROLGLILFDWLRQRIDOOR\V3DUW,,1RQOLQHDUFRQYHFWLRQ´ 0HWDOOXUJLFDODQG0DWHULDOV7UDQVDFWLRQV%%S

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 ³([SHULPHQWDO YDOLGDWLRQ RI FRQWLQXXP PL[WXUH PRGHO IRU ELQDU\ DOOR\
VROLGLILFDWLRQ´ -RXUQDORI+HDW7UDQVIHU 9ROS
.XPDU3 &KDNUDERUW\6 6ULQLYDVDQ. DQG 'XWWD3  ³6WXGLHV RQ WUDQVSRUW SKHQRPHQD GXULQJ GLUHFWLRQDO
VROLGLILFDWLRQRIDQRQHXWHFWLFELQDU\VROXWLRQFRROHGIURPWKHWRS´ 0HWDOOXUJLFDODQG0DWHULDOV7UDQVDFWLRQV
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
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